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RADIOAUTOGRAPHIC STUDY OF EXPERIMENTAL SPORO-
TRICHOSIS AFTER THE ADMINISTRATION OF
RADIOACTIVE IODINE*
.JURO SHINTANI, M.D., WARNER FLORSHEIM, PH.D. AND J. WALTER
WILSON, M.D.
Although the administration systemically of compounds containing iodine is
recognized as being therapeutically useful in several granulomatous diseases,
the mode of action remains obscure. A helpful elue to the solution of this prob-
lem would be the knowledge of whether or not there is a specific site of action
of iodide within the various types of cells found in the area of granulomatous
inflammation. This report concerns an attempt to demonstrate, by the technic
of autoradiography, whether or not such a specific localization of systemically
administered radioactive iodine (1-131) exists within the lesions of sporotrichosis
experimentally produced in mice. Since localized sporotrichosis is the disease
that is most specifically responsive to iodide therapy, it seemed to be the disease
best suited to such an investigation.
Because elemental iodine in sufficient concentration is fungicidal, it is neces-
sary to consider first whether sporotrichosis is cured by such a simple mechanism.
In the absence of an oxidation potential of a biologically improbably high degree,
systemic administration of iodine-containing compounds cannot conceivably
deposit iodine in the elemental state in the tissues at physiological pH values.
As to ionized iodine, Davis (1) has shown that spores of Sporotrichum schenkii
will continue to multiply in vitro in the presence of higher concentrations of
iodide ions than that which can be produced by the usual dosage of the drug if
it is presumed to he distributed evenly throughout the tissues. Thus for iodide
to be directly fungicidal in this instance it must be more concentrated in the
vicinity of the lesions than elsewhere, ("specifically localized"). That this mech-
anism in its simplest state is the only one involved seems unlikely in the light of
the observation by Davis (1) that, in mice, sporotrichoti( lesions which have
been clinically "healed" by iodide therapy still contain viable spores of S.
schen/cii.
Using chemical analytic methods, several investigators have attempted to
demonstrate a localized accumulation of iodide at the site of inflammation from
various causes. Loeb and Miehaud (2) found that tuberoulous and syphilitic
tissues take up more iodide than normal tissues. Wells and Hedenhurg (3) con-
firmed these findings. In addition, they found similarly high iodide concentra-
tion in noninfected organs, in areas of necrosis produced by ligation of the blood
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supply and by injections of formalin and aleuronat. They concluded that the
increased concentration of iodide in damaged tissues was not due to any specific
chemical affinity for iodide peculiar to certain types of inflammation, but that
it was due to a non-specific effect, that of the increased permeability of cells
which results from any type of injury. Wallace and Brodie (4) confirmed these
studies and, in addition, found that the distribution of chloride and thiocyanate
was similar to that of iodide. They concluded that the distribution of iodide was
extracellular and that iodide probably had no intimate physical or chemical
union with the cells of the pathologic tissue.
In radioactive tracer studies, applying gross organ counting technics to experi-
mental sporotrichosis in mice, Sternberg et al (5) showed that at 48 hours after
the injection of 25 microcuries of radioactive iodine-131, there was a significantly
greater uptake of the iodine-131 in infected tissue (omental granuloma) as
compared with uninfected organs.
The gross counting technic, however, does not assist in determining whether
or not the radioactivity is localized in certain cells or is carried in the extracellu-
lar fluid component. Therefore, radioautographic study appeared to be indicated.
If radioactive iodine (1-131) is selectively taken up by certain cells or if it local-
izes in specific areas of tissue damage such as necrotic areas, radioautographs of
experimental sporotrichotic lesions should show at least a zonal localization of
increased radioactivity corresponding to that particular cellular site in the local
host defense reaction. If the distribution of iodides is extracellular and non-
specific, one would expect a uniformly diffuse type of radioautograph.
Morphologically, these cellular components may often be found in three con-
centric zones. (Fig. 1, hematoxylin and eosin stain) The innermost zone (A)
consists of fungus spores usually intermixed with polymorphonuclear leukocytes
but sometimes with necrotic debris containing but a few intact cells. Surrounding
this core is a mantle of histiocytes (B). At the periphery is a zone of fibroblastic
cells (C). As the host defense successfully copes with the disease, this fibroblastic
zone becomes predominant and finally produces a healed scar at the site of the
lesion.
METHODS
Seven adult male white Swiss mice were inoculated into the right testes with
a suspension prepared from cultures of S. schenkii (obtained through the kind-
ness of Drs. L. Georg and Leslie Smith). Eighteen days later all animals showed
testicular swelling. At this point one mouse was sacrificed and cultures were
made from pus obtained from the involved testis. This inoculum gave rise to a
luxuriant growth of S. schenkii. Histopathological examination of the same
testis which had been stained with hematoxylin and eosin showed a typical in-
fectious granulomatous response with central necrotic areas containing fungus
spores and polymorphonuclear leucocytes, each surrounded by a palisading zone
of epithelioid cells. Some fibroblastic activity was also noted around the lesions.
(Fig. 1)
Of the remaining six mice half were then treated for ten days with daily intra-
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FIG. 1 FIG. 2
peritoneal injections of 10 mg of potassium iodide in isotonic solution. At the
conclusion of this period each of the six mice received an injection of 1.0 millicurie
of radioactive iodine (1-131) intraperitoneally. One animal of the group pre-
viously treated with iodide and one of the control group were sacrificed at each
of the intervals of 4, 8 and 12 hours after the administration of the tracer injec-
tion. The testes were excised quickly and frozen in isopentane pre-cooled to
—80°C. The tissues were dehydrated while frozen and infiltrated with paraffin,
using a histological freeze-drying unit (Model FD-II, Scientific Specialties
Company).
For autoradiography, sections 10 microns thick cut from the paraffin blocks
were transferred in the dry state to nuclear track plates (Kodak, type NTB,
10 microns emulsion thickness) and the wrinkles worked out of the sections as
far as possible by teasing and gentle warming of the plates.
RESULTS
It was found that due to the rapid excretion of iodide only the tissues of the
animals killed 4 and 8 hours after tracer injection contained enough radioactivity
to give satisfactory autoradiographs. These autographs of testicular tissue in-
fected with S. schenk'ii all showed the same diffuse distribution of the tracer
iodide. This was equally true of untreated animals and of those previously
treated daily for ten days with intraperitoneal potassium iodide. It was also true
for the uninfected left testes of all animals. The same diffuse distribution of pat-
tern was found in animals killed at both 4 and 8 hour time intervals after tracer
injection.
Typical examples are shown in Figures 2, 3 and 4. Figure 2 is the hematoxylin
and eosin section (60X) of a sporotrichotic testicular lesion in an untreated
mouse which was sacrificed 8 hours after iodine-131 injeetion. The area labeled
"A" represents a zone of polymorphonuclear leukocytic accumulation. The "B"
area is a central necrotic area with masses of S. schenckii spores admixed with
  
t e    i t i  s l ti . t the
, i tifi  ialties
ii l  
 l i  i   treate
c
         .    
-
140 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 3 FIG. 4
cellular decomposition products and exudate. Figure 4 represents these same
areas seen at a magnification of 300 X (hematoxylin and eosin stain). Figure 3
is the radioautograph which corresponds to Figure 2. This radioautograph shows
diffuse distribution of radioiodide. For example, the areas, "A" and "B", in
Figure 2 do not show up significantly darker in the radioautograph. (Fig. 3).
Space limitations preclude the presentation of numerous similar photomicro-
graphs and autoradiographs all of which show the same diffuse pattern of iodide
distribution. This is also true of the epithelioid layer and the fibroblastic zone.
COMMENT
Our results thus show that under the conditions of this study in experimental
sporotrichosis, no preferential uptake of radioiodide during an eight hour period
can be ascribed to any of the cellular zones comprising the lesion. If such were
the case, then those areas in Figure 2 which represent zonal accumulation of
type specific cells should have shown up in the corresponding radioautograph
(Fig. 3) as definitely darker areas. It is remotely possible that iodide might ac-
cumulate at a very slow rate in a form which does not equilibrate with the in-
jected tracer. This possibility would he difficult to exclude by autoradiographic
investigation, since the tracer amount required to keep the iodide at a specific
activity level sufficient for detection by autoradiography for a period of ten days
would lead to serious if not fatal radiation injury to the animal. Furthermore no
such accumulation was indicated in the experiments of Sternherg (6) after four
days of iodine-i 31 administration.
SUMMARY
The distribution of intraperitoneally injected radioactive iodine (1-131) in the
testes of mice infected with S. schenkii has been investigated by autoradi-
ography. No selective localization of the tracer element in any of the cellular
zones of the lesion was observed. This supports the concept of the extracellular
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distribution of iodide and argues against a specific effect of therapeutic iodide on
either the spores of the infectious agent or on the various types of cells involved
in local tissue defense.
REFERENCES
1. DAvIS, DAVID J.: The effect of potassium iodide on experimental sporotrichosis. J.
Infect. Dis., 25: 124—131, 1919.
2. LOEB, 0. AND MICHAUD, L.: Jodverteilung bei Tuberkulosen Tieren. Biochem. Ztschr.,
3: 307—314, 1907.
3. WELLS, H. GIDEON AND HEDENBURG, 0. F.: Biochemistry and chemotherapy of tuber-
culosis. J. Infect. IDis., 11: 349—372, 1912.
4. WALLACE, G. B. AND BRODY, B. B.: The distribution of administered iodide and thio-
cyanate in comparison with chloride and their relationship to body fluids. J. Phar-
mocol. & Exper. Therap., 61: 397—411, 1937.
5. ——: The distribution of administered iodide and thiocyanate in comparison with
chloride in pathological tissues and their relation to body fluids. Ibid, 412—421.
6. STERNBERG, THOMAS, ET AL: The distribution of radioactive iodine (1-131) in experi-
mental coccidioidomycosis and sporotrichosis. .1. Invest. Dermat., 24: 397—415, 1955.
DISCUSSION
Dn. VICTOR H. WITTEN (New York, N. Y.): I think that any of you who have
worked with radioactive substances and have attempted to use them as tracers
know the many difficulties which may be encountered. Many of us entering into
research with radioactive isotopes are often over-enthusiastic as to what really
can be achieved with the isotope. To follow the beta radiation of I's' to the cell-
ular level by means of autoradiography I think is extremely difficult unless the
technics which we presently have are refined much further than they are.
The fact that Dr. Shintani and his co-workers found a huge accumulation of
radio-activity in certain areas does not rule out the possibility that there may
have been cellular distribution.
I would like to suggest the following:
First, that pieces of tissue with sporotrichosis he cut through and that the cut
surface be stamped in blotter-like fashion on nuclear emulsion so that whatever
cells, or other material, that comes from the tissue sticks to the emulsion and
produces an autoradiogram. In this way cellular distribution would he suggested.
One could count the number of grains in the photographic emulsion under each
cell.
Second, wash the cells and then apply them to the emulsion. In this way the
I's' on the surface of the cells might be washed away and only the I's' taken up
within the individual cells could be demonstrated by autoradiography.
Third, take some of the fungi, sporotriehosis in this instance, from the animal
treated with I's' and prepare a culture. The growing culture could be studied in
an attempt to find radioactivity. Of course, the concentration of radioactivity
might be much too low, although with fine technics it might be demonstrated.
One thing that all of us who work with autoradiography are faced, is what is
known as the histochemographic effect. Tissues that are not radioactive are
capable of producing darkening of the grains in an emulsion. This is particularly
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true of epidermal tissue. Some workers feel that this is due, in part, to the
sulfhydryl groups. Undoubtedly there is some chemical in the tissue which has
the capacity to alter the silver salts in the emulsion so that they develop as dark
grains. Therefore, it behooves the autoradiographer to differentiate between the
histochemographic effect and the autoradiogram produced by a radioactive
substance.
DR. JURO SHINTANI (in closing): It may be difficult at times to show localiza-
tion within individual cells in a radioautograph. We did not hope to obtain such
a minute single localization. Instead we concentrated on these well defined zones
of accumulation of type specific cells. Such zones are easily discernible even under
very low power magnification. If these large groups of cells were picking up the
radioactive iodide in significantly greater amounts, then this would have been
clearly visible in the corresponding radioautograph.
As to the suggestion to wash the tissue sections, this was not feasible because
iodide is readily soluble in water. This washing would have removed all the radio-
active iodine unless it were organically bound, and this seems unlikely in view of
the rapid clearance of the radio-iodine from the tissue.
In regard to the radioisotopic study of the cultures of Sporotrichum schenlcii
we have finished a study in which we used tissue culture fibroblasts which had
been infected with Sporotrichum schenkii. These tissue mounts were incubated
with iodide-131 for varying lengths of time and then analyzed for radioactive
uptake. There was no greater uptake of the iodide-131 either by the fibroblast
or the colonies of Sporotrichum schenkli.
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